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Robotic Missions of Interest 

MSFC 

Lunar Equator — Science Instrument Package 
Lunar Pole — Science Instrument Package 

Lunar Crater 

• Rim 

• Floor — Permanently Shadowed Regions 

Stationary Lander - ASRG 
Rover - ASRG 

NEO (Near Earth Object) — Asteroid, etc. 

Mars 
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Power System Challenges 

Mass Constrained 

• Lithium Ion energy density 

Thermal Environment 

•-200° C to +170° C 



MSFC 


Mission Duration 


• 6 Years — 75 Cycles 

Sun Light Availability 

• ASRG — Advanced Stirling 

• Solar Array 

Dust? 


Radioisotope Generator 
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Most Power Challenged Missions 


Lunar Equator 

• Solar Array Battery System 

• Lithium Ion energy density 

• -200° C to +170° C 

• 6 Years — 75 Cycles 

Lunar Polar Crater Floor - PSR 


• ASRG ~ 140 watt maximum 

• Lithium Ion energy density supplement 

• -200° C to +20° C 

• 6 months — 100 Cycles 



MSFC 
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Lunar Equator Mission 

Test Article Packaging 


MSFC 


Option 

Cell Type 

Temp 

Test Case 

# Cells 

VDC 

Period 

SAB 

VES 180 

Nominal 

Pack (1) 

ES4 1-10-1 LN-TA-003 

4 

14 

RT-6yr 

SAB 

VES 180 

Nominal 

Pack (la) 

ES4 1-10-1 LN-TA-004 

4 

14 

A-8 mo 

SAB 

VES 180 

Off-Nom 

Pack (1*) 

ES4 1-10-1 LN-TA-005 

4 

14 

RT-6yr 

SAB 

Lithion NCP55-2 

Nominal 

Pack (2) 

ES4 1-10-1 LN-TA-006 

4 

14 

RT-6yr 

SAB 

Lithion NCP55-2 

Nominal 

Pack (2a) 

ES4 1-10-1 LN-TA-007 

4 

14 

A-8 mo 

SAB 

Lithion NCP55-2 

Off-Nom 

Pack (2*) 

ES4 1-10-1 LN-TA-008 

4 

14 

RT-6yr 

ASRG 

A123 APR18650M1A 

Nominal 

Battery (3) 

ES4 1-10-1 LN-TA-001 

20 

28 

RT 

ASRG 

A123 APR18650M1A 

Off-Nom 

Battery (3a) 

ES4 1-10-1 LN-TA-002 

20 

28 

RT 
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Lunar Polar Crater Floor 

PSR — indicates use of radioisotope power 

• 140 watt ASRG output unable to cover power peaks 
• Thrusters — 750 W 

Science Instruments — 450 W 

Thermal Subsystem Control 

• -200° C to +20° C 

Lithium Ion (LiFeP0 4 ) Battery Supplement 

• 1 0 cell Battery 



MSFC 
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Lunar Polar Crater Floor 


Qf 

MSFC 
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Lunar Polar Crater Floor 



MSFC 


Nutation Thrusters — Amperes 

ACS Watts 

Current & Power 

u 

10 


This thruster activity occurs once each hour during the five day cruise. 
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Lunar Polar Crater Floor 

MSFC 
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Lunar Polar Crater Floor 



MSFC 
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Thisthrusteractivity occurs once each day during the first fourdays of the five day cruise. 
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Lunar Polar Crater Floor 



MSFC 
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Braking Thrusters 
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Watts 

274.4 274.4 

- 












- 












- 














9* 

.2 

9£ 

.2 

9£ 

.2 

9£ 

.2 

9* 

.2 

95 


This thruster activity occurs once on the fifth day of cruise. 
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Lunar Polar Crater Floor 



MSFC 
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140 
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§80 
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Lunar Polar Crater Floor 


722.4 Landing Thrusters 722.4 


This thruster activity occurs f>nc^ on the fifth day of cruise immediately af 
braking. 
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MSFC 
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ILN/LPV ASRG/LiFeP0 4 Battery Risk Reduction Testing 



Battery Cell Test 


Battery #1 _ 60 ° C 

Upper Boundary 


50 °C — 


Interface 

Spacecraft Thermal Bus 
(Baseplate inside WEB) 


Battery #2 — 50 ° C 

r\ LPV Cruise 


CT> 

CC 


I— 10° C 

Lower Boundary 


Radiator Design 
_ 40 °C 


r\ILN WEB Cruise ??? 


— 20° C 

i^LPV Surface, 
ILN Adapter 
Spin Stabilized 
Cruise 


o 
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ro 
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10 °c 


NASA Aerospace Battery Workshop, Huntsville, AL Nov 16, 201 1 


15 


(j^f 


MSFC 
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MSFC 
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A123 APR18650M1A Cell 


Qf 

MSFC 
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Test battery ES4 1 - 1 0-ILN-TA-00 1 ( 1 0S2P) 

2.2 Ahr 
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Typical Battery Recharge 


Battery 1 

10W chg at 20 deg.C 


8/03/10 



V) 

Q. 
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£_ 

S_ 

3 

VJ 

>- 

s_ 
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00 
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MSFC 
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Typical Battery Recharge 


Battery 1 


8/03/10 



hours into charge 


(jjf 

MSFC 
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V) 

-t- 

0 
> 

a) 

01 
O 
-t- 

o 

> 

>- 

£_ 

ft) 


a 

ao 


Initial Battery Capacity 


Battery 1 

1.1 A capacity test at 20 deg.C 




8/03/10 MSFC 


0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 


AH out 


2.028 Ahrs 
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Initial Battery Capacity 

Battery 1 8/03/10 


1.1 A Capacity test at 20deg.C 




MSFC 
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39 


38 
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V) 
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a 

CD 


Pulse Power Ability 


Battery 1 

10W chg at 0 deg.C to 36V 
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Cell Temperature (Deg C ) 



hours into charge 
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Pulse Power Ability 



MSFC 
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High Power Ability 
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Hi gh Po w er Abilit y 

Battery 1 8/09/10 


450W 3 min discharge @5 C after 36V chg 



minutes into dchg 


MSFC 
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High Power Ability 


Battery 1 8/09/10 

450W 3min discharge @ OC after 36V charge 




MSFC 
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40° C Cruise Phase 


Battery 1 

Nutations 1-14 


8/12/10 
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40° C Cruise Phase 



MSFC 
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40° C Cruise Phase 


Battery 1 8 /13/io 

Nutations 16-41 



hours in cruise phase 



MSFC 
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40° C Cruise Phase 



NASA Aerospace Battery Workshop, Huntsville, AL Nov 16, 201 1 


MSFC 


34 












40° C Cruise Phase 


Battery 1 8/15/10 

Nutations 43-98 




MSFC 
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40° C Cruise Phase 


TCM_3 Vb_min=30.26 Battery 1 

TCM_3 


8/15/10 



MSFC 
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40° C Cruise Phase 


Battery 1 

Nutations 100-110 


8/16/10 
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MSFC 


hours in cruise phase 
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40° C Cruise Phase 


£ Battery Acquisition_Version21 .a. vi Front Panel 


File Edit View Project Operate lools Window Help 
[if] I 13pt Dialog Font 



= Batter y_l 1 

Max. Voltage 

] 34.7505 


Min. Voltage 

{30.444 


= Batter y_2 1 

Max. Voltage 


Min. Voltage 

130.4095 


1 I I I I I I I I.S E 


String A 

String B 




3.36003 Cell 1 


3.35806 Cell 1 

3.35905 Cell 2 


3.35741 Cell 2 ™ 

13.35642 Cell 3 • 


3.35905 Cell 3 • 

3.35806 CeH 4 OFF 


3.35544 Cell 4 

|3. 35513 Cell 5 


3.35612 Cell 5 

|3.35612 Cell 6 


3.35907 Cell 6 

|3. 35415 LeM 1 


3.35251 Cell 7 

13.35513 Lel1 ° 


3.35382 Cell B 

! 3.35527 cell y 


3.3556 cell y 

3.35461 Ce " 10 


3.35625 Cell 10 


REMOTE ON/OFF 


File To Upload 


(J. Q> 


File To Upload 


Controller Address Device IEEE Address 


STOP 






attery Acquisition^... 
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40° C Cruise Phase 


Battery 1 

Nutations 112-119 


8/16/10 
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40° C Cruise Phase 


Battery Acquisition_Version21 .a.vi Front Panel * 


File Edit View Project Operate Tools Window Help 
l»l<g| '•'[«][ 13pt Dialog Font 





laBor 

jf®4SFC 
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C Low "y i 
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j 6. 42052 
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Make New File? 
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20 -■ 
3:58:46.116 PM 
8/16/2010 
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8/16/2010 
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Surface Drilling Phase 

after 40C Cruise Phase Battery 1 8/17/10 


surface drilling drill #1 




MSFC 
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Surface Drilling Phase 


Battery 1 8/17/10 

temps 1-9 (string 1) 



minutes 


MSFC 
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Surface Drilling Phase 


after 40C Cruise Phase Battery 1 10/15/10 

surface drilling drill #50 
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MSFC 
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Surface Drilling Phase 


Battery 1 

temps 1-9 (string 1) 


10/15/10 


MSFC 


i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150155 160165 

minutes 
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End Of Dishcarge Voltage 


Surface Drilling Phase 


Minimum Bus Voltage during Surface Drilling 




MSFC 
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Drill Load (Watts) 


Surface Drilling Phase 





MSFC 


• Second Battery (ES41-10-ILN-TA-001) @ 50° C 
During 5 Day Cruise 

Second Battery Performance Duplicates and 
Reinforces Performance of First Battery 


NASA Aerospace Battery Workshop, Huntsville, AL Nov 16, 201 1 


46 



Lunar Equator Mission 

Solar Array Battery System Indicated 

• 15.5 Days (372 Hours) eclip se darkness 

• 14 Days (336 hours) sunlight 

Thermal Subsystem Control 

• -200° C to +170° C 



MSFC 


Lithium Ion (LiCo0 2 ) Battery - 50 Ahr Blocks 

• 8 cell Battery 

• Very Low Surface Rates 

• Battery Size covers Peaks 
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Lunar Equator Mission 


Battery #1 


60 °C 

Upper Boundary 
Off-nominal 


ILN SAB/LiCo0 2 Battery Risk 
Reduction Testing 


50 ° C — Battery #2 


Nominal 



50° C 

r\ I LN Surface Noon 


IS. ILN WEB Cruise ??? 


iZILN Surface Night 

— o°c 


Battery Cell Test 


Lower Boundary 


Interface 

Spacecraft Thermal Bus 
(Baseplate inside WEB) 

-10 °c 



40° C 


Radiator Design 

- 10 ° c 


MSFC 
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Lunar Equator Mission 



ILN SAB 
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Lunar Equator Mission 


ILN SAB 
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Lunar Equator Mission 


3.6 V 



MSFC 



SAFTVES 180 


Lithion NCP55-2 

LiNi-AlCo0 2 


Li-CoCF SAB 
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Lunar Equator Mission 


MSFC 


NASA Aerospace Battery Workshop, Huntsville, AL Nov 16, 201 1 





Lunar Equator Mission 


MSFC 
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Lunar Equator Mission 


S AFT YES 180 Accelerated 


80% DOD 




Data not included due to power outage 


Data not included due to power outage 
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Read 
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MSFC 


Lunar Equator Mission 

Lithion NCP55-2 Accelerated 80 % dod 



Cycle 
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Real Time Lunar Equator 

• In 1 0 th Cycle 

• 15.5 Days (372 Hours) eclip se darkness 

• 14 Days (336 hours) sunlight 

• 26 watt Constant Load 

• 80% DOD 

• 50° and 60° C 

No Trending established yet. 



MSFC 
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Conclusions 


Lithium Iron Phosphate (LiFeP0 4) is a good 
candidate chemistry to supplement ASRG 

• 1 6 C rate Capability 

• 0 deg C min operating Temperature 

Lithium Cobalt Oxide (LiCo0 2 ) accelerated testin 
successful for Lunar Equator application. 

• +50 deg C maximum battery temperature 

• - 1 0 deg C minimum battery temperature 



MSFC 


Real time testing at +50° C and +60° C maximum 

• 9 completed cycles 

• No trending yet established 
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